Summary. In order to investigate the importance of the transplantation site for the replication of grafted islet cells, we implanted syngeneic mouse pancreatic islets intrasplenically, intraportally and subcapsularly in the kidney. Fourteen days later the alloxan-diabetic mice were killed after an injection of tritiated thymidine, and the graft-bearing organs fixed and processed for autoradiography. The highest labelling indices were recorded for subcapsularly grafted islets, followed by intraportal and intrasplenic islets in that order. In separate experiments some islet-containing kidney sections were immune stained for insulin before the autoradiographic process.
Despite some promising new approaches to the isolation of islets of Langerhans from the adult human pancreas [1] , this problem is still far from solved. An alternative procedure for preparing insulin-producing human cells intended for transplantation to diabetic patients is that of utilizing fetal material. Thus, in animal experiments one fetal rat pancreas was found to cure one diabetic adult recipient within 45 days provided insulin treatment was given [2] . No doubt the success of these experiments was due to a considerable growth of the graft.
It was the aim of the present study to evaluate to what extent the growth of grafted islet cells depends on the implantation site. Therefore, syngeneic mouse pancreatic islets were transplanted into three commonly used sites, namely the liver, the spleen and beneath the kidney capsule. At the end of a two-week observation period 3H-thymidine was injected and the graft-beating organs processed for autoradiography. The replicatory activity of the transplanted islet cells was then determined by estimating their labelling indices (LI).
Materials and methods

Animals
Male and female inbred C57BL/6 mice, aged 3 to 5 months, belonging to a strain originally obtained from the Jackson Laboratory, Bar Harbor, Me, USA were used as islet donors. Three to 5 month old, syngeneic males of this strain, injected intravenously with alloxan (75 mg/kg body wt.; Sigma Chemicals, St. Louis, Mo, USA), served as islet recipients. Only mice with serum glucose concentrations> 25 mmol/1 were used. During the experimental period, the mice were allowed free access to tap water and laboratory chow.
Islet isolation and implantation
Pancreatic islets were prepared by a collagenase (Boehringer Mannhelm, Mannheim, FRG) digestion method [3] from mice fasted overnight. Groups of approximately 100 islets were cultured free-floating for 1-2 days as described previously [4] in RPMI 1640 medium (Flow Laboratories, Irvine, UK) supplemented with 10% (vol/vol) calf serum (Statens Bakteriologiska Laboratorium, Stockholm, Sweden). Three routes for islet implantation were used. For intrasplenic and intraportal islet implantation groups of approximately 150 cultured is~ lets were suspended in Hanks' balanced salt solution and injected, by means of a microinfusion set, either directly into the splenic pulp or via the portal vein, into anaesthetized (ether) alloxan-diabetic recipients. Likewise, the same number of islets were implanted by means of a braking pipette beneath the kidney capsule after a small incision had been made in the capsule. With this number of islets implanted at each site it was possible to recover them for the histological and autoradiographical process. Four different recipient groups are designated: (A) Mice implanted intraspenically and subcapsularly; (B) Mice implanted intrasplenically and intraportally; (C) Mice implanted intraportally and subcapsularly; (D) Mice implanted with islets at all three sites. Thus, mice in groups A, B and C received approximately 300 islets and mice in group D received 450 islets. Blood samples for glucose determination were collected by retroorbital puncture before islet implantation and at death 2 weeks later. Serum glucose concentrations were determined with a glucose oxidase method using an automated analyser (Beckman Instruments, Fullerton, Calif., USA). Each mouse was injected intraperitoneally with 1 ~tCi 3H-thymidine 
Autoradiography
The fixed specimens were embedded in paraffin and sectioned at 7 p~m. Every third slide was stained with haematoxylin-eosin. These slides were used for identification of islet-containing areas of the different tissues. Consecutive slides were taken for autoradiography as described previously in detail [5] . To determine the islet cell LI, radioactively labelled nuclei were counted at a magnification of x 1000 and expressed as a percentage of the total number of nuclei scored.
The shape of the cell nuclei and the amount of cytoplasm of the grafted islet cells were used for judging their identity. Apparent non-endocrine cells with sparse cytoplasm and elongated nuclei containing condensed chromatin were not scored. In each animal a minimum of 1500 (intrasplenic and subcapsular sites) or 1000 islet cell nuclei (intraportal) were counted. In order to constitute a labelled cell at least 10 grains were required over the nucleus. A great majority of the labelled cells had more than 20 grains over their nuclei. The background count was 1 or 2 grains per nucleus or less. In the series of consecutive islet containing sections only every third was used for determinations of the LI. In order to verify the replicating activity of the transplanted islet cells some islet containing kidney sections were stained according to the PAP technique [6] for the identification of insulin positive cells. An anti-bovine insulin serum raised in guinea pigs (Bio-Yeda, Rehovot, Israel) was used as the primary serum. The second antibody and the PAP complex were from Dakopatts, Glostrup, Denmark. The whole staining procedure was carried out before the autoradiographic processing. These sections were only counterstained with haematoxylin. A minimum of 2000 insulin-positive cells were scored and the number of radioactively labelled nuclei estimated as described above.
Statistical analysis
Data are expressed as mean + SEM. Differences were tested with the Student's t-test for paired data.
Results
In all groups of islet-implantated mice the hyperglycaemia was nearly normalized during the two-week observation period (Table 1 ). The islet cell LI of the spleen islets was lower than that of the subcapsular and intraportal islets. When calculating a ratio for the LI of the intrasplenic islets and the intraportal or subcapsular islets in each individual mouse, it was found that the LI of the intrasplenic islets was almost only one-third of that in the intraportal or subcapsular islets. In the third group of mice the subcapsular islets had a LI twice as high as the intraportal.
In a separate group of alloxan-diabetic mice, islets were implanted at all three implantation sites. Of six operated mice three died within 2 days after the operation and one was unsuitable for autoradiography. In the two successfully treated mice serum glucose values decreased from of 31.3 and 37.3 retool/1 to 9.6 and 9.2 mmol/1 respectively. In the first mouse the islet cell LI values of the subcapsular, intraportal and intrasplenic islets were 3.16, 2.31 and 1.10% and the corresponding values for the second mouse 1.41, 0.98 and 0.94%.
In order to evaluate the identity of the labelled islet cells consecutive sections of seven autoradiographically processed kidney sections from separate animals were immune stained for insulin before being processed for autoradiography. The islet cell LI of the conventionally treated sections was found to be 2.33 _+ 0.37% (n =7) and the corresponding value for the insulin-positive cells of the immune stained sections 2.40+0.56% (n =7).
Discussion
The present data support and extend our previous knowledge of the replicatory capacity of grafted islet cells as evaluated either by means of morphometric [7] or autoradiographic techniques [5] . We chose an experimental protocol to implant relatively few islets in diabetic mouse recipients, since there is obviously a stimulation of DNA synthesis if a hyperfunctional state of the B cells is maintained [5] . This study also demonstrates that the B cells replicate actively, since as great a proportion of the insulin-positive cells as of the islet cells in conventionally stained sections was radioactively labelled. We did not perform a differential cell count of the different islet cell types in the immunostained grafts, but we estimate from the overall light microscopic appearance of the islet grafts that they were composed of about 80-90% B cells. It was noteworthy that not less than I-2% of the adult mouse islet cells synthesized DNA when grafted, which is three to four times more than in the islets located in the pancreas [5] . Most probably even higher replicatory rates should have been recorded with fetal mouse islet grafts, but there is no technique presently available for large-scale production of such islets. Indeed, human fetal islet-like structures, grafted into the renal subcapsular site in normoglycaemic nude mice, had labelling indices of about 8% under otherwise similar experimental conditions, as in the present study, but the identity of the replicating cells in that study was not checked in detail [8] .
It is obvious from the present data that, of the implantation sites tested in this study, the renal subcapsular site offers the best conditions for proliferation of the grafted islet cells. Differences in blood flow and hence availability of tritiated thymidine between the sites cannot explain these observations. Such a difference would only show up as varying numbers of grains covering the DNA-synthesizing islet cells. Although these sites are those most frequently used for islet implantation, several other sites can also be successfully used for this purpose. It is, however, unlikely that, for instance, the subcutaneous and intramuscular sites with less efficient blood supply should be more convenient than any of those presently used. It is not easy to ascribe the reason for the superiority of the subcapsular space. It is noteworthy from a morphological point of view that in the renal subcapsular site all islets tend to merge into a single, large cluster of cells, whereas islets transplanted into the spleen and liver are more dispersed. It is also possible that the renal islets have a better supply of well-oxygenized blood than islets in the other two sites, perhaps due to differences in the rates of neovascularization. Indeed, our finding of numerous mast cells in and beneath the kidney capsule close to the islet grafts may be taken to indicate an active angiogenesis in this area [9, 10] .
